Progress in dynamical geodesy over the last ten years is reviewed with particular attention to the significance of observations of the orbits of artificial satellites and of direci measurement of the distance of the Moon by radar. As a result of these observations together with a great increase in the number of gravity observations, especially at sea, and with more extensive areas of geodetic triangulation, the ellipticity of the Earth can be determined to one part in 3000 and the radius to a few parts in IOOOOO. It is suggested that the Earth's gravitational field should be specified by the parameter J in the spherical harmonic expansion rather than by the derived ellipticity and that the mean rather than the equatorial values of the radius and sea-level gravity should be employed.
I. Introduction
Dynamical geodesy is the study of the overall shape and size of the Earth and particularly, of the properties of its gravitational field. Its history begins with Newton's study of the motion of the Moon and the shape of the Earth and the problems have engaged many of the most able mathematicians. Until the beginning of this century, theory was far ahead of observation because of the problems of making measurements that were sufficiently exact (relative errors should be less than one part in a million) and were sufficiently numerous and evenly spaced over the Earth. The last few years have seen remarkable changes in this situation, of which some account is given in this review.
The period covered is the ten years or so since Sir Harold Jeffreys published his general adjustment of all the data then existing concerning the shape and size of the Earth (Jeffreys 1948) and to appreciate the significance of the new developments in this period it will be helpful to summarize that paper. The observations which Jeffreys used were :
(a) Measurements of arc lengths and angular amplitudes of triangulation net- works-these give the size and ellipticity of the sea-level surface.
Developments in dynamical geodesy 223 Except for the Earth's precession, these all involve observations relative to the external gravity field of the Earth and in particular, relative to the equipotential surface which, over the seas, coincides with mean sea-level. This surface will be referred to rather loosely as the geoid. The geometrical form of this surface is related to the external gravity field and, in particular, to the values of gravity on the surface. We are ignoring in this review the details of the local irregularities of the geoid and the gravity field so that these irregularities have the effect of errors in the determination of the gross parameters of the geoid and gravity field.
In the measurements of arcs of triangulations the measurements of the arc lengths can easily be reduced to the geoid since the heights of the observed lines above the geoid can be found from spirit levelling or otherwise. The effect of irregularities in the geoid will then b e to make the measured distance slightly greater than that for the best fitting spheroid. This is only a second-order effect. The astronomical observations required for the angular amplitude of the arc are made relative to normals to the geoid and irregularities in the geoid affect the results directly. These irregularities are correlated and Jeffreys discussed in some detail the allowance to be made for them in estimating the uncertainties of the results.
The variation of gravity over an ellipsoidal equipotential surface is related to the geometry of the surface by a well-known theory (Darwin 1899 , Jeffreys 1952 , Pizetti 1894) which may be extended to cover small irregularities of the surface. The geoid is very closely an exact spheroid but the topographical surface on which gravity observations are made is not an equipotential surface. However, it is known that to a good approximation, the form of the geoid may be found from free-air anomalies. In earlier papers, Jeffreys (1941b Jeffreys ( , 1943 had studied the spherical harmonic analysis of free-air anomalies and he incorporated the results in his general adjustment. The parameters he used in that adjustment thus depend essentially on observations of gravity prior to 1939 and the distribution of these observations was not very satisfactory for estimating the amplitudes of the various spherical harmonic components since large gaps in the data meant that the estimates of the various coefficients were not independent.
The Moon moves in the Earth's gravitational field and certain periodic perturbations in her motion are due t o the second harmonic variation of the Earth's gravity. The quantities are however, very small and the effects depend also on the Sun's gravitational attraction and on the figure of the Moon. In consequence, the standard deviation of the second harmonic in the Earth's field as found from lunar observations is about 5 times that found from surface gravity observations.
The luni-solar precession of the Earth is determined essentially by the ratio (C-A)/C (Cis the moment of inertia of the Earth about its polar axis, A that about an axis in the equatorial plane) and the mass of the Moon, although there are also small terms arising from the planets and from general relativity. The coefficient of the second harmonic in the external gravitational potential is proportional to (C-A)/MaZ, where M is the mass of the Earth and a the equatorial radius, whatever the internal constitution of the Earth, but if the stresses within the Earth are exactly hydrostatic, then the ellipticity of the surface may be inferred from the ratio (C-A)/C (Darwin 1899 , de Sitter 1915b , Bullard 1948 , Jeffreys 1952 . At the time when Jeffreys made his analysis. the uncertainty in the value of the ellipticity so derived, due to departures from the hydrostatic state, was comparable with the observational uncertainties of other data from which the ellipticity may be derived.
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The absolute value of gravity does not enter the determination of the ellipticity from the variation of gravity with latitude because all the information that can be obtained from that variation is contained in the ratio of gravity at one Iatitude to that at another and relative measurements of gravity, particularly with pendulums, yield just such ratios. The absolute value of gravity is however required in determining the size of the Earth from the lunar parallax. The value of the Earth's gravitational attraction at the Moon's mean distance R is equal to Rw2 where w is the Moon's mean angular velocity. The ratio of this quantity to the mean value of gravity gm at the surface of the Earth is, by the inverse square law, rm'IR2 where r, is the mean radius of the Earth. But the Moon's mean horizontal parallax, T'G, is zrm/R and so 2w2 rm = -.
T'C g m the (These expressions are only approximate, see Section 7.2).
The main uncertainty in applying this equation arises from the measurement of Moon's parallax. This depends on observations of the Moon at Greenwich and the Cape Observatories and is affected by local deflexions of the vertical at these places as well as by the uncertainty in the distance between the observatories in terms of the Earth's mean radius. The agreement between the lunar parallax as directly observed and as calculated dynamically from survey measurements of the Earth's size has in consequence not been too satisfactory.
By paying careful attention to errors of observation, particularly those which are not independent, Jeffreys was able to derive values of the Earth's equatorial radius and ellipticity which satisfied almost all the data.
His final values were: a = 6378.099 k 0.1 16 km, e-1 = 297-1ok0.36, the uncertainties being standard deviations.
The largest change from previous work was the reduction of a by 0.289 km from Hayford's (1910) value, due to the use of free-air instead of isostatic anomalies for the reduction of the astronomical observations.
It is now clear that Jeffreys's values cannot be accepted any longer. This is the consequence of three major technical advances made in the years since 1945. The first of these is the development of methods of measuring gravity rapidly and accurately on land by spring-type gravity meters and at sea by improved submarine pendulum apparatus and more recently by ship-borne gravity meters.
Although such methods had given results before 1940, they have been so intensively developed and exploited since 1945 that knowledge of the world-wide features of the Earth's gravity field has increased many-fold.
The second development is the launching of artificial satellites. The motions of these bodies provide estimates of the Earth's ellipticity and other parameters of the external gravity field that are more accurate than Jeffreys's estimates from surface gravity, even though so far only three satellites, and those not with the most favourable orbits, have been observed with the necessary precision.
Finally, it seems that successful radar observations can now be made of the Moon, giving her distance with much greater accuracy than can be obtained from the visual parallax.
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This review is devoted principally to the effects of these major developments but recent work in other fields is also considered. It is first necessary to discuss the theoretical basis of the study of the Earth's gravity field and this is done in the next section, attention being paid particularly to the meaning and definition of the parameters involved.
Theory of the Earth's external gravity field
The theory of the Earth's external field comprises the following topics :
(a) Expansion of the potential of an arbitrary body in spherical harmonics.
This gives the form of the potential required in the theory of satellite orbits. (b) Figure of a rotating body with specified moments of inertia bounded by a spheroidal equipotential surface. This problem admits of an exact treatment and enables the ellipticity of the surface and the variation of gravity over it to be related to the moments of inertia and the external potential.
(c) Distortions of the geoid corresponding to higher harmonics in the potential.
(d) Application of (b) and (c) to the actual Earth which is not bounded by an equipotential surface. M is the mass of the body, R is the distance from the centre of mass to the external point, I is the moment of inertia about the line joining the centre of mass to the For the Earth, which is highly symmetrical about the polar axis, C is taken to be the moment of inertia about that axis and A and B to be the (nearly equal) moments about the principal axes in the equatorial plane.
Then if 8 is the co-latitude of the external point,
external points. and provided R exceeds the greatest radius vector of the surface of the body.
r, is the mean radius of the Earth, the definition of which is discussed below.
It is usual to express V in terms of (a/R) where a is the equatorial radius but there are good reasons for using r, instead, as was first indicated by de Sitter (1915a arcs, visual lunar parallax, radar observations of the Moon-are made in middle latitudes and the quantity which is most directly involved is either the radius of curvature of the arc or the radius vector of the observatory. It is desirable to state the theory in terms of a parameter as nearly equal as possible to the distance concerned and not one, such as the equatorial radius, which is derived from them by a relation involving the ellipticity. Furthermore, the quantity m, equal to the ratio of centrifugal force at the equator to gravitational attraction, is almost independent of e when expressed in terms of mean gravity and mean radius. Formally it does not matter what parameter, a, rm or some other, is used in MacCullagh's theorem, although a change in the definition of J (that is $(C-A)/Ma2) is also involved, and in this review the theorems will be stated in terms of rm.
Figure of a rotating spheroid
The theory of the figure of a spheroidal equipotential surface bounding a rotating body has been established by two methods. In the first (Darwin 1899, de Graaff Hunter 1935) the external potential has been expanded in a series of spherical harmonics. Is it open to the criticism that spherical harmonics are not orthogonal in the space outside a spheroid but as far as terms of order e2 the same results are obtained by the second method (Pizetti 1894) in which ellipsoidal functions orthogonal outside an ellipsoid are employed. Alternatively, spheroidal harmonics may be used, as has been done in carrying the theory to include terms of order e3 (Cook 1959) , an extension that seems desirable in view of the latent precision of satellite observations.
The important results are the following; they are stated in terms of the mean radius and mean gravity defined as 
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Gravity formula in terms of moments of inertia:
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The symbols are as follows:
4 is geographic latitude,
(u is the angular velocity of the Earth)
ge is the value of gravity at the equator, ge -I +-e+-m+-e2--em--m2.
2.3
Whereas a satellite moves in the potential field of the actual Earth with an irregular surface, so that from its motion the true moments of inertia of the Earth are obtained, the formula with which surface gravity is compared applies to an idealized body bounded by an equipotential surface. T o first order, the actual gravity values may be brought into correspondence with the idealized ones by applying the free-air correction-it has been pointed out that the significant quantity here is the potential difference between the point of observation and the geoid and not the gravity difference (Cook 1953) . The more exact theory of this correspondence probably requires to be re-examined especially as a second harmonic in the distribution of land might introduce an error into the estimated second harmonic of free-air anomalies. The usual approach is to set up a model Earth with the correct second-harmonic field but with the higher harmonics giving the correct value of gravity at the external surface only. This avoids a number of difficult questions and is sufficient for a first-order treatment of the departures from the second harmonic field.
Application to the actual Earth

Spherical harmonic analysis of gravity values
The principal difficulty in the analysis of gravity values is the uneven distribution of observations together with the correlation between gravity values at places separated by very considerable distances.
The net effect is that the coefficient of any one harmonic depends to some extent on all the others whereas if the observations were uniformly distributed all the coefficients would be independent. The situation has greatly improved since 228
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Jeffreys made his analysis (1941b). He then had available fewer than 10000 observations and almost the whole of the South Pacific and the southern oceans as well as the polar regions were unsurveyed. Nowadays many land areas are covered quite densely with observations made with gravity meters, some seas especially the Mediterranean, are adequately surveyed and the observations in the North Atlantic and the North Pacific oceans have been greatly extended. Observations have also been made in Canada as far north as latitude 82'30'. The main gaps now lie in the southern oceans and Australia; in addition, Russian results are not generally available*. Very many observations indeed have been made in some land areas and the problems of handling all the data and reducing them to forms suitable for geodetic use are very considerable. One would like to have mean free-air anomalies in areas one degree of latitude by one degree of longitude, together with the mean heights of these areas, for it is necessary to analyse the variation of freeair anomaly with height. Two groups are working on this problem-the International Gravity Bureau in Paris which, until his untimely death was under the direction of Dr Lejay, and Professor W. A. Heiskanen's group at Columbus, Ohio. Few results have so far been published although Professor Heiskanen has summarized his work (Heiskanen 1957) . Even now, only about 15 per cent of all one-degree squares have observations.
The effect of correlation and the uneven distribution of observations was thoroughly discussed by Jeffreys (1941b Jeffreys ( , 1943 while Kaula (1957) has developed an alternative approach which may be applied to the problem of spherical harmonic analysis. The results of analyses are expressed in the form g = g , ( I + fl sin24 -5.9 x 10-6 sin224).
The term with sin224 is calculated theoretically from the condition that the equipotential surfaces are exact spheroids. g e and fl are determined from the observations. Some results are given in Table I . Heiskanen's result has been criticized by Jeffreys (1959) for neglect of the effects of correlation.
There are two theoretical points in the analysis of gravity observations that require study. One is the effect of low order harmonics in the height of the topography which may come from two causes, namely from any error in the free-air correction formula and also, through the imperfect formation of means, from the
correlation of free-air anomaly with height. The second point is that anomalies are always given in terms of geographic latitude. However, since they are referred to a surface which is a spheroid they should be analysed in terms of functions that are orthogonal on a spheroid-that is, Legendre functions of confocal coordinates (see Cook 1959).
Motion of an artificial satellite
4.1 Theory of perturbations Within recent years a great deal of work has been done on the motion of a satellite in the Earth's gravity field. Some of the earlier studies are too restricted or are in error and present determinations of e and J from satellite orbits depend on the work of King-Hele (1958), of Herget (1957) and of Krause (1956) .
King-Hele has carried the theory as far as terms of the order of J2. He takes the gravitational potential of the Earth in the form
where r is the radius vector and 8 the co-latitude of the satellite, and a is the Earth's equatorial radius. He then finds by a perturbation method that the rate at which the plane of the orbit rotates about the polar axis of the Earth is given by :
the rotation is in the opposite sense to the motion of the satellite in its orbit.
Here R is the semi-major axis of the orbit, I the semi-labs rectum, e the eccentricity of the orbit and a the mean inclination of the orbital plane to the equator. The other principal secular effect is the rotation of the major axis which King-Hele finds to be given by where y = fM/a2.
When cos2u = 115, the rate of rotation is zero; for equatorial orbits, the axis rotates in the same direction as the satellite and for polar orbits in the opposite direction.
King-Hele considered just the second and fourth harmonic terms in the Earth's potential but results of the spherical harmonic analysis of free-air anomalies do not exclude the existence of other harmonics. evidently very small for nearly circular orbits so that J3 can only be well determined from highly elliptical orbits. J. de Graaff-Hunter is also studying orbital theory. American workers have used the theory developed by Krause (1956) and that of Herget (1957). Krause neglects the J 2 term yet keeps the D term which is of the same order.
Superposed on the effects of the Earth's gravitational field are those due to the resistance of the air. The main effects of the atmosphere are to reduce the major axis, to reduce the eccentricity of the orbit and to reduce the period. These are quite different from the effects of the oblateness of the Earth and a e readily separated from it by observation. The theory of the effects of air drag has been studied by many authors and so far there is no indication that drag will cause rotation of the plane of the orbit or of the major axis. A lateral force on the satellite due to rotation of the atmosphere might produce a rotation of the orbital plane and this would be revealed most directly by an orbit passing over the poles; another way of testing for such an effect would be to have satellites going westwards as well as eastwards round the Earth. (King-Hele & Merson 1958) .
So far the attractions of the Sun and Moon have been ignored; they cause perturbations amounting to about I in 10 ooo of those due to the oblateness of the Earth and it may eventually be necessary to allow for them, particularly if orbits with appreciably greater axes are used. There is also a very small effect from general relativity.
Reduction of satellite observations
A term in the gravitational potential that is periodic in longitude will not produce any secular effect on the satellite orbit unless the period happens to coincide with that of the satellite. Such effects are ignored at present and we consider only the perturbations due to terms in the potential proportional to the In favourable circumstances observations of both quantities for one satellite might enable J2 and J4 to be found separately. More generally, it should be possible to determine a number of the J's by combining the observations on different satellites. At present it is easier to get accurate observations of the rate of rotation of the orbital plane than that of the major axis, since the plane is the better defined.
The Developments in dynamical geodesy 23' Sputnik 2 was also observed visually and photographically at eleven observatories in Czechoslovakia, mostly by plotting the position on a star chart. Buchar (1958) has determined the motion of the ascending node from these data and has calculated J from the result using a formula which agrees with King-Hele's as to the terms proportional to J and D but from which the J 2 term has been omitted. In his numerical work, Buchar assumes that D has the theoretical value for a perfect spheroid, namely 10.7 x 10-6, and then gets 
k 0.07
These values appear to be derived on the assumptions that J 2 is negligible and the D has the value 10.6 x 10-6 for a truly spheroidal Earth. T o summarize the results so far obtained, the value of J seems to be determined at about 1.625 x 10-3, D appears to be less than its conventional spheroidal value of 1 0 . 6~ 10-6 and J 6 is scarcely significant.
In addition, observations on the American satellite Vanguard I suggest that the term proportional to P~(COS 8) in surface gravity has an amplitude of about 5 mgal (O'Keefe, Eckels & Squires 1959).
It is desirable that the results of satellite observations should be given primarily as coefficients of spherical harmonics in the potential rather than as the corresponding ellipticity because although the latter is clearly defined as ( a -b)/a for a true spheroid, the definition can be ambiguous if the equipotential surfaces depart from spheroids. The coefficients of the spherical harmonics on the other hand, are unambiguous physical properties of the Earth and are the quantities that directly determine the motion of a satellite.
Comparison with surface gravity observations
Jeffreys's analysis of free-air gravity anomalies gives 103J = 1.640k 0.007; e-1 = 296-85 & 0.66 while the satellite observations give 103J = 1.6246k 0.0003; e-1 = 298-2 f 0.03. Jeffreys (1959) has discussed possible reasons for this discrepancy but in view of the fact that smaller values for e have been obtained from the same data (see Section 3) it is not unlikely that, when the more recent gravity observations have been incorporated into the analysis, better agreement will be obtained. A discussion of the available material on the lines of Jeffreys's analysis is very desirable.
The moments of inertia of the Earth
The effect of the oblateness of the Earth is that the attraction of the Sun exerts a couple tending to rotate the Earth about an axis in the plane of its orbit and perpendicular to the line joining the Sun and the Earth and in consequence. the Earth precesses at a mean rate equal to 3 n'z C-A where n" is the Moon's angular velocity in her orbit, ,u is the ratio of the mass of the Earth to the mass of the Moon, B' is the angle between the Earth's polar axis and the pole of the Moon's orbit.
The total luni-solar precession is about 50" per year of which about 15" is due to the Sun.
There are some minor complications in the theory. In the first place, allowance has to be made for the effect of the other planets. There is also a small correction entailed by general relativity. The net precession due to the Sun and Moon is 50''-39 per annum. If it is assumed that the stresses in the Earth are hydrostatic, then J may be calculated from H (Jeffreys 1952) . Since H is exceedingly well known, the uncertainty in the value of J found in this way comes entirely from ignorance of the true state of stress in the Earth. Jeffreys (1948) estimated the uncertainty of J to be 3 x 10-6 which makes this estimate of J less uncertain than those from any data other than satellite observation. The satellite value is however more precise so that it may be used in conjunction with H to compute the moments of inertia. 
0~0010831. Ma2
A If the Earth were in a hydrostatic state, e-1 would be 297.10, the corresponding value of J being 1.637 x 10-3. This value of e-1 is greater than Bullard's (1948) value because of the reduction in H .
The comparison of the satellite value of J with that computed from the luni-solar precession demonstrates that the stresses in the Earth are not hydrostatic,
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A. H. Cook as is of course evident from the existence of mountains and ocean basins as well as from the large-scale departures from isostacy.
The motion of the Moon
Just as with an artificial satellite, the plane and the major axis of the Moon's orbit rotate on account of the oblateness of the Earth. The theory was given in its most complete form by E. W. Brown (1908) . At the distance of the Moon the higher harmonics have no effect but the rates of rotation depend also on the oblateness of the Moon and further, are much smaller than the rates of rotation due to the Sun and planets. Thus it is difficult to obtain accurate estimates of the parts that depend on the figures of the Earth and Moon while the solution for the Earth's oblateness depends on that of the Moon . Jeffreys (1937, 1941a, 1948 ) discussed these problems and used lunar data in his general adjustment but now that the Earth's oblateness is so well determined by satellite observations, it is possible to substitute the value of J in the lunar equations and re-examine the values of the lunar parameters. In addition to the quantity J the following parameters referring to the Moon, are required:
C' is the moment of inertia about the axis of rotation, A' that about the axis pointing to the Earth and B' about that tangential to the orbit. a' is the equatorial radius.
The following equations are then found for the motions of the node (rotation of plane) and of perigee (rotation of major axis): This however, implies that the interior of the Moon is considerably less dense than the outer parts (if the density were uniform, q' would be 0.6). It seems therefore, that there are inconsistencies in lunar observations which are not removed by an improved value of J.
The size of the Earth
7.1
The radius of the Earth has for many centuries been found from measurements of the distances (arc-lengths) between places of which the geographical latitudes are known from astronomical observations. Among such measurements of historical importance are the French measurements of arcs at the equator and in Lapland which showed that the Earth was, as Newton maintained, an oblate spheroid, and the measurements of the arc through France and Spain from which the ratio of the Metre to the Toke was obtained. If the observations were made on the surface of a spheroid the errors of the calculated radius would be determined solely by the errors of observation. In practice, the observations are made at places which may be some distance above sea-level and are referred to surfacesthe equipotential surfaces passing through the points of observation-which are not true spheroids. The height above sea-level can be measured by spirit-level observations and corrections can be applied to reduce the observations to sealevel but the irregularities of the equipotential surfaces cause more trouble. If gravity surveys extended over the whole surface of the Earth, the deflexions of the vertical could be calculated at all points along an arc and the corresponding geographical latitudes on a spheroid could be calculated from the true observed latitudes. At present, however, this is not possible and the most serious difficulties arise not from those parts of the deflexions due to local mass irregularities
The radius from arcs of geodetic triangulation 236 A. H. Cook but from those which maintain the same sign over a large part of an arc of observation. The reduction of the observations taking these correlated errors into account was discussed by Jeffreys (1948). A further difficulty is that the observed arcs do not extend from pole to pole and so instead of giving a and e separately, they are best considered as giving a relation between a and e. Then if e is found from other data, a may be calculated. In this way, Jeffreys obtained: 
The radius from the distance of the Moon
The distance of the Moon is connected with the radius of the Earth as follows:
Apart from perturbations due to the Sun and other causes, the Moon's orbit may not be quite good enough. This depends to some extent on how the observations are made. The effects of the Sun on the Moon's orbit are to increase its size and to introduce periodic perturbations with arguments such as the difference of the longitudes of the Sun and the Moon. If the observations were to extend over a sufficiently long time, the periodic perturbations could be determined observationally but if the observations cover only a short time interval, then the coefficients of the periodic terms must be calculated theoretically accurately enough to apply corrections for them. In any case, the constant term should be evaluated theoretically to about one part in a million of the radius vector. Radar observations and occultation observations actually determine the distance Dabs between the observatory on the Earth and a point on the surface of the Moon.
Yaplee and others and Hey and Hughes both find that the effective reflecting surface of the Moon for 10 cm radio-waves is a fairly small area normal to the line joining the observatory and the centre of the Moon. If the length of the radius vector of this part of the surface of the Moon is assumed to be known, then the '958). R can be calculated in terms of R and r in terms of rm and e. If w is replaced by its expression in terms of gm, rm, e, and m, we have an equation for D involving these quantities (the non-spherical shape of the Moon should also be allowed for).
D can be determined to about I in 300000 for a single value of 6' and if the observations are extended over a long period the resulting combined equation should have a weight rather higher than that of equations derived from surface measurements on the Earth. In this equation m has an uncertainty of 6 x I O -~. gm depends on measurements of the absolute value of gravity as well as on relative measurements; measurements now in progress (see Cook 1957) should give the former to I in 106 while the latter depends on e. Moon radar observations should therefore give an equation between rm and e with relative errors of the order of I in 106 as compared with the equations from measurements over the surface of the Earth which can scarcely have greater precision than I in 105. Moon radar observations for this purpose have to be made at a wavelength of about 10 cm. The available power decreases at shorter wavelengths while at much longer wavelengths the echoes fade in a complicated way and the refractive index of the ionosphere introduces large errors. The difficulties do not occur at Iocm. In the two experiments so far made the pulses have been about 5ps long and a resolution of about + km has been achieved.
Summary
Since Jeffreys's I948 discussion, quite new ways of finding a and e have been developed and in addition, much new material for the classical methods of gravity survey and arc measurements has been acquired. The new gravity material has not been fully discussed so far and radar observations of the Moon have not given final results but very good values of J and e come from satellite observations and of a from arc measurements and geoidal heights. These are 103J = 1.6246 f. 0.0003 e-1 = 298-20+0.03 a = 6378.2ookm.
The uncertainties in rm and gm are of the order of e2( I in 108) and if with further improvements in technique, uncertainties of the order of I in 106 can be achieved, questions of the definition of parameters such as gm, and e will need to be reexamined. Satellite observations, it must be emphasized, give physical parameters such as J whereas the reduction of all other observations involves in some way the use of a best fitting spheroid which has no physical existence.
The launching of artificial satellites is stimulating new work on the overall physical properties of the Earth and, in turn, improved values of the astronomical constants of the Earth, Moon and Sun will be very valuable when it becomes possible to launch space probes into orbits designed to make specific observations.
